In this study, the effects of blowing/injection and suction on the steady mixed convection boundary layer flows over a vertical slender cylinder have been considered. It is assumed that the mainstream velocity and the wall surface temperature of the cylinder are proportional to the axial distance along the surface. The governing equations of motion, energy, and nanoparticles are simplified by applying appropriate boundary layer approximation. These partial differential equations are reduced to highly non-linear ordinarily differential equations, by using similarity transformation. The resulting differential system is solved by employing the meshfree method for the first time. The convergence of the obtained series solution is carefully checked and comparison with other algorithms shows an excellent agreement. The physical behavior of the different parameters involved in these equations is discussed in details and presented graphically.
Introduction

Mixed convection
Mixed convection flow has a great significance not only theoretically, but also for application in geophysics and engineering. In Forced convection that is a mechanism of transport, an external source (like a pump, fan, suction device, etc) generates fluid motion. Free or natural convection is a consequence of the motion of the fluid when density alters because of the heating process. If natural (free) and forced convection mechanisms simultaneously have a significant contribution to the heat transfer, Mixed convection flow will happen. To understand whether the convection is forced or natural, we use buoyancy or mixed convection parameter (λ ). By analyzing the mixed convection, the important non-dimensional parameters are Reynold number (Re), Grashof number (Gr) and Prandtl number (Pr). Re describes the fraction of internal forces to the viscous forces. Gr, which is a dimensionless number, approximately shows the fraction of the buoyancy to viscous force. Pr defined as the ratio of momentum diffusivity to thermal diffusivity. Many studies have been done on the mixed convection boundary layer flow over a vertical cylinder [3, 4, 5, 6, 7, 8, 9, 10, 12] . Abbasbandy et al. [13] solved the problem by using HAM. The Navier-Stokes equations are the fundamental governing equations for fluid mechanics. These equations are non-linear partial differential with no general solution where only a few numbers of exact solutions have been discovered so far [14, 15] .
Radial Basis Function (RBF)
In this paper, we provided the set of solutions for unsteady boundary layer equations presented in [12] . Recently, Meshfree methods have attained a lot of attention both in the mathematics and engineering communities. Thus, much of the work concerned with Meshfree approximation methods is interdisciplinary at the interface between mathematics and numerous application areas (like nanotechnology, medical imaging, learning theory, neural networks and data mining). In addition, high-dimensional data computing is a significant topic in engineering and science areas. A large number of traditional techniques not only cannot deal with this problem, but also they are limited to several special (regular) situations. Meshfree techniques mostly are better handle geometry changes of the interesting domain (large deformations and free surfaces) than classical discretization methods like finite volumes, finite elements or finite differences. Independence from a mesh is another important privilege of meshfree discretizations. Also, the time and costs of generating the mesh are omitted in these techniques because they just depend on a series of independent points. Meshfree approximation methods can be seen to provide a new generation of numerical tools [16] . They also cover RBF collocation method. At first in 1968, Roland Hardy studied RBF. This Technique helps us to use scattered data in computations easily. Kansa [18, 19] used RBF to solve differential equations (DEs) for the first time. He directly collocated RBFs for the approximate solution of DEs. Recently, many researches have been done to solve different ordinary and partial differential equations by extending Kansa's method [20, 21, 22, 23, 25, 28, 29, 30, 31] . One of the most powerful RBFs in convergence and accuracy is Multi-quadratic RBF (MQ-RBF).
MQ-RBF's includes the user-defined shape parameter c, which has an influence on accuracy and stability of the solution [37, 38, 39] . Some of the most popular RBFs function are listed in table 1. The remaining of this paper is organized as follows: section 2, explains the governing equations of the problem and boundary conditions. In section 3, the properties of RBF are described. In section 4, the problem has been implemented with RBF technique. Our experimental results and comparison studies are evaluated in Section 5. 
Governing Equations
Ishak et al. [12] solved the equations of continuity, momentum, and energy under boundary layer approximations governing the mixed convection flow over a thin vertical cylinder, by reducing them to ordinary differential equations. Figure 1 shows the physical model and coordinate system. In this figure, r, x, u, R, T ∞ and U ∞ are distances along the radial and axial directions, the velocity components, the radius of the slender cylinder, the uniform ambient temperature and the velocity of the free stream, respectively. Also, V is the constant velocity in that V (> 0) shows the injection velocity and V (< 0) shows the suction velocity. According to some calculations and simplifications in the equations of continuity, momentum, and energy, we can reach to the following ordinary differential equations. For more details you can see [12] , [13] . In this paper, we solved these equations
subject to the boundary conditions which become
where γ, the curvature parameter, λ , and the similarity variables η, ψ, and θ defined as
where U(x) is the mainstream velocity, T is the fluid temperature, β is the thermal expansion coefficient and v is the kinematic viscosity. Because of similarity solutions, V defined as
in which f 0 = f (0) and f 0 (> 0) is for mass suction and f 0 (< 0) is for mass injection. Also, the skin friction coefficient C f and the local Nusselt number Nu x can be calculated by
Using the similarity variables, we get
where Re x = U x v is the local Reynolds number.
3 Radial Basis Functions (RBF)
Definition of RBF
In this section, we simply introduce RBF, for more information you can see [32] . The process of interpolation using RBF is as follows: Consider a distinct set of interpolation points or nodes X n = {x i , i = 1, ..., N} which arbitrarily distributed in a domain X ⊂ R N , N ≥ 1 and a function f : X −→ R. We can construct an interpolant to f : 
Kansa Method
A solution for the scattered data problem is to make the assumption for the d-dimension function by RBF as:
where x and λ are the input data and the set of coefficients, respectively. In this equation, Λ is the matrix of λ i which should be determined. The interpolation of the function F(x) is constructed by choosing N collocation points
From equations (3.14) and (3.15), we have:
The coefficient matrix is symmetric and nonsingular. It is noticeable that we have a unique interpolant form of Eq.(3.15), so it is not important how to scatter the data points in space dimensions.
In the following, we explain the unsymmetric collocation method of Kansa. Assume a boundary value problem of the form:
where Ω is the domain, ∂ Ω is boundary conditions and the operators D and B are linear partial operators in Ω and on ∂ Ω, respectively. Then, we approximate U by RBF as
in which points x i (i = 1, ..., N) are determined by (i = 1, ..., N 1 ), and points on ∂ Ω by (i = N 1 + 1, ..., N 1 + N B = N).
Matching the differential equation (3.16) and boundry condition at collocation nodes
The collocation matrix that arises form equations (3.21) and (3.22) is:
] , in which:
If we have a unique solution for the linear system Aλ = C, the problem becomes well-poses, where C is:
] .
Solving the problem
In this section, we obtain a solution for the problem which is discussed in section 2 by utilizing the Kansa's method. We suppose that the approximation of f (η) and θ (η) can be implemented by (MQ − RBF) in the following form:
According to the boundry condition (2.4) and (2.5), it is straightforward to choose
as the initial boundry approximation of f (η) and θ (η). Because of the low speed of the convergent, we multiply the equation (4.25) by η 2 e − 1 2 η and ηe −η to making f and θ functions, respectively. Therefore, we construct the series by using the above equations
Now we approximate f ′ (η), f ′′ (η) and f ′′′ (η) as
Also, we have θ ′ (η) and θ ′′ (η) Now we have 2N + 2 unknown {a n } N n=0 and {b n } N n=0 , so 2N + 2 equations are needed to obtain them. Thus, we select N + 1 point {x i }, i = 0, ..., N as the collocation points and substituite them in R 1 and R 2 and constract a system which includes 2N + 2 equations and 2N + 2 unknown coefficients. By solving this system, we obtain {a n } N n=0 and {b n } N n=0 . After substituiting the obtained values of these coefficients in Res, we shall aproach f (η) and θ (η). It is worth to note that the roots of order N + 1 Chebyshev polynomials are chosen as N + 1 collocation nodes. The following pseudo-code shows how we utilize the Chebyshev nodes as collocation and center nodes of (MQ − RBF) in our implementation. In this pseudo-code n=47 shows the number of collocation nodes, and the Chebyshev nodes are shifted in [0,6] domain. Also, Newton's method via Maple software program is applied for solving the system 2 − 3.
Experimental Results
In this section, we demonstrate the graphical results of the profiles of velocity f ′ (η), the temperature θ (η), the skin friction coefficient 1 2 C f Re are calculated for different parameters in tables 2 and 3.
Furthermore, in Figures 3 -6 , we focused on the variations of f 0 , Pr, λ and γ. A comparison between current results and available numerical results has been done as well. It seems the results are similar in a limited way. Table 2 shows the values of 1 2 C f Re 1 2 x for different amount of Pr. It gives the available results for the case of aiding flow and compares with the numerical results of [12] , [44] , [9] , and [10] . As shown in this table, the results computed by the RBF method are in agreement with the numerical results of [13] , [12] , [44] , [9] , and [10] . Table 3 . It is observed that by increasing the value of the Pr in assisting flow, 1 2 C f Re 1 2 x is decreased and Nu x Re 1 2 x increased. Also, column 3 of these tables shows the number of collocation nodes. The reliability and effectiveness of the presented values are shown during the study. Figure 3 shows the effect of f 0 on f ′ (η) and θ (η). It is obvious that when f 0 increases f ′ (η) also increases, but θ (η) decreases. It is worth mentioning that for f ′ (η) according to the equation u = U f ′ (η), f ′ (η) = 0 relates to the surface zero velocity, and f ′ (η) = 1 relates to the mainstream velocity u = U ∞ . This figure shows that the Boundary Layer Velocity (BLV ) without suction or injection is lower than (BLV ) with suction, and it is higher than the (BLV ) with injection. So, we conclude that suction has a positive effect on (BLV ), while injection has a negative effect. For θ (η) based on definition θ (η) = T −T ∞ T w −T ∞ , f ′ (η) = 0 relates to the mainstream temperature T = T ∞ , and f ′ (η) = 1 relates to the wall temperature T = T w . Figure 3 shows the Boundary Layer Temperature (BLT ) without suction or injection is higher than (BLT ) with suction, and it is lower than (BLT ) with injection. So, we concluded that suction has a positive effect on (BLT ), while injection has a negative effect. Figure 4 shows the effect of the Pr on the f ′ (η) and θ (η). As is expected, with increasing Pr, f ′ (η) is increased and θ (η) decreased. Therefore, increasing Pr makes both (BLV ) and (BLT ) reach the main flow velocity and the main flow temperature faster. Figure 5 shows the effect of λ on the f ′ (η) and θ (η). It is obvious that f ′ (η) increases, when λ increases. However, the opposite result is observed for θ (η). Hence, cooling the surface has a detrimental effect on both (BLV ) and (BLT ), which makes (BLV ) reach the main flow velocity later than heating the surface. In addition, it delays reaching the main flow temperature in the cooling mode as well. Figure 6 shows the impact of γ on f ′ (η) and θ (η). It shows when γ increases, f ′ (η) decreases while θ (η) increases.
Conclusion
In this article, the mixed convection flow over a vertical slender cylinder is studied. Based on above computations, the following conclusions can be made:
1. By increasing Pr, we have an increment in f ′ (η) and Nu x Re 1 2 x , while there are decrement in θ (η) and 1 2 C f Re 1/2
x .
2. By increasing f 0 , we have an increment in f ′ (η), while there is a decrement in θ (η).
3. By increasing γ, we have a decrement in f ′ (η), while there is an increment in θ (η).
4. By increasing λ , we have an increment in f ′ (η), while there is a decrement in θ (η).
In this paper, the solution for a nonlinear system by RBF is proposed for the first time. The RBF method based on Kansa is a powerful technique for solving equations. Comparing with other classical methods such as finite difference, finite element, and boundary element methods the RBF method can be easily implemented. 
